Memory consolidation and long-term potentiation require activity-dependent gene transcription, coordinated by an array of transcription factors. Many members of the nuclear receptor superfamily of transcription factors are expressed in the hippocampus immediately after learning, including the Nr4a family of orphan receptors. These activity-dependent transcription factors are critical for hippocampus-dependent contextual fear and object recognition memory, but their role in hippocampal synaptic function is unknown. In this study, we hypothesized that Nr4a transcription factor function is also necessary for hippocampal long-term potentiation. We used a strain of mice expressing a dominant-negative Nr4a transgene. Hippocampal slices from Nr4aDN mutant mice exhibited impairments in transcriptiondependent long-term potentiation and were not sensitive to LTP enhancement by the HDAC inhibitor TSA. These results demonstrate that NR4A transcription factor function mediates mechanisms of synaptic plasticity in the hippocampus.
Introduction
In the hippocampus, the consolidation of long-term memory (LTM) and the maintenance of long-term potentiation (LTP) both depend on cAMP signaling, PKA activity, gene transcription, and de novo protein synthesis (Abel et al., 1997; Huang & Kandel, 1994; Igaz, Vianna, Medina, & Izquierdo, 2002; Nguyen, Abel, & Kandel, 1994; Pittenger et al., 2002) . A number of transcription factors are known to support activity-driven transcription in neurons, including well-characterized proteins such as cAMP response element-binding protein (CREB) and the immediate early genes C/ EBP and Zif268 (see Alberini, 2009 for review). The large family of nuclear receptor transcription factors is increasingly being investigated for its role in memory and plasticity, and the potential of some nuclear receptors to serve as therapeutic targets in disorders of cognition (Hawk & Abel, 2011; Hawk et al., 2012) . For example, agonists for the liver X receptor (LXR), retinoic acid receptor (RAR), retinoid X receptor (RXR), and the peroxisome proliferator-activated receptor gamma (PPARc) have been found to improve memory and synaptic plasticity in mouse models of disease, most notably in models of Alzheimer's disease (Cramer et al., 2012; Jiang et al., 2008; Pedersen et al., 2006; Wesson, Borkowski, Landreth, Nixon, & Levy, 2011) .
Although most of the nuclear receptors are regulated by lipophilic ligands that readily cross the nuclear membrane, some are considered ''orphan'' receptors. These proteins either have no known endogenous ligand, or operate independently of ligand binding. One such group of orphan receptors is the Nr4a subfamily, made up of three closely related members (Nr4a1/Nurr1/NGFI-B, Nr4a2/Nur77/HZF-3, and Nr4a3/NOR-1/TEC) (Hawk & Abel, 2011; Maxwell & Muscat, 2006; Paulsen, Weaver, Fahrner, & Milbrandt, 1992; Wansa, Harris, Yan, Ordentlich, & Muscat, 2003) . The NR4A proteins are involved in activity-dependent processes in numerous cell types, supporting such phenomena as apoptosis, metabolism, dopaminergic development, and inflammatory response (for review see Hawk & Abel, 2011) . The Nr4a genes are immediate-early genes transcribed rapidly in response to external stimuli (Peña de Ortiz & Jamieson, 1996) . Mature NR4A proteins are capable of both positively and negatively regulating the transcription of their downstream targets (Johnson, Michelhaugh, Bouhamdan, Schmidt, & Bannon, 2011) , which include plasticity-related genes such as Bdnf1 and Fosl2 (Hawk et al., 2012; Volpicelli et al., 2007) .
In many systems, Nr4a transcription is controlled by the cAMP/ PKA/CREB signaling pathway (Kovalovsky et al., 2002; Lemberger, Parkitna, Chai, Schütz, & Engblom, 2008) , which is a cascade critical for transcription of other memory-and plasticity-related genes (Josselyn & Nguyen, 2005) . In the hippocampus, training in different behavioral tasks increases the expression of one or all of the Nr4a genes in discrete anatomical regions (Hawk et al., 2012; McNulty et al., 2012; Peña de Ortiz, Maldonado-Vlaar, & Carrasquillo, 
